INTRODUCTION {#S5}
============

Obesity is a significant health problem associated with diseases such as diabetes ([@R1]), coronary heart disease ([@R2]), and nonalcoholic fatty liver ([@R3]). In the United States approximately 34.2% of the population is overweight (BMI ≥ 25.0 to 29.9 kg/m^2^), and 33.8% and 5.7% exhibit obesity (BMI ≥ 30.0 to 39.9 kg/m^2^) or extreme obesity (BMI ≥ 40 kg/m^2^), respectively ([@R4]).

The most common method to classify the degree of weight status is body mass index (BMI) due to its simplicity. Since values ≥30.0 kg/m^2^ are linked to greater mortality and morbidity in populations, this method is ideal for epidemiological and preliminary screening in clinical and field settings. However, BMI does not distinguish between those with high muscle mass versus high fat, or the distribution of fat in different regions of the body. The distribution of fat is important as excess subcutaneous fat (underneath the skin) is related to insulin resistance ([@R5]) and cardiovascular disease risks ([@R6]). In contrast, an abundance of visceral fat (between/around the organs) is associated with diabetes ([@R7]), hypertension ([@R8]), and metabolic risk factors ([@R9]).

Traditional anthropometric measurements ascertained by manual methods are the most commonly utilized for obesity assessment because they are practical, cost-efficient, and the least difficult to obtain. Measurements that reflect central obesity may include waist circumference ([@R10]), waist-to-hip ratio ([@R11]), skinfold thicknesses ([@R10]), and sagittal diameter ([@R12]).

Investigations of anthropometric measurements and risk for obesity-related diseases have shown that waist circumference and waist-to-hip ratio are positively related to coronary heart disease in women ([@R11]); and that greater waist circumference and thickness of abdominal skin folds are associated with increased risk for metabolic syndrome ([@R13]). Also, sagittal diameter appears to be more related to cardiovascular risk factors than waist circumference or waist-to-hip ratio ([@R14]).

Manual body measurements are readily accessible, but their accuracy may be subject to low inter-rater reliability, inadequacy of training, and variances in the type of methods utilized ([@R15]). For example, Wang et al. (2003) reported 14 different descriptions in three different manuals used as reference guides for measurements of waist circumference ([@R16]). In addition, awkwardness is created by the close proximity between researcher and subject. Thus, traditional anthropometric parameters are an imprecise means for accurate measurement of abdominal adiposity. It is clear that devices that incorporate advanced techniques such as magnetic resonance imaging (MRI) or computed tomography (CT) may provide more precise assessment ([@R9]). Yet, the large size and high expense associated with these instruments limit their use in field settings. Furthermore, the utilization of dual energy x-ray absorptiometry (DXA) and CT may be precluded by the risk of radiation exposure.

A further step in the assessment of obesity can be the application of mathematical prediction equation models. Traditionally, these models have been developed by combining manual anthropometric measurements (weight, height, BMI, waist-to-hip ratio, sagittal diameter, body circumferences, skinfold thicknesses) and demographic characteristics (age, gender, ethnicity) ([@R17],[@R18]). However, the final prediction model is only as precise as the accuracy of the measurements inputted.

This research will test the efficacy of using a method of photogrammetry to be incorporated into prediction models for assessing central obesity. To date, three-dimensional (3-D) body scanners have been utilized for obtaining body images and measurements ([@R19]). These scanners are reliable instruments that can replace manual methods to accurately measure body circumferences ([@R20],[@R21]). This technique has been proven useful for tailoring clothing for textile manufacturing purposes, as well as for the assessment of obesity ([@R19]). The present study will utilize a stereovision body imaging (SBI) system to acquire fast, noncontact 3-D whole body images and measurements in order to develop mathematical models for prediction of total, subcutaneous, and visceral abdominal adiposity. Parameters measured by SBI also will include unique measurements of central obesity, such as central obesity depth and central obesity width. Three variations of measurements will be tested: traditional anthropometrics, stereovision body imaging, and a combination of the two. Accuracy between the prediction models will be compared to determine the best methods for prediction of central obesity.

METHOD AND PROCEDURES {#S6}
=====================

Study Design {#S7}
------------

The convenience sample consisted of 122 adults who were instructed to fast for 4 hours and avoid heavy exercise, alcohol or caffeine for 10 hours prior to the visit. Subjects made two visits to the: 1) university laboratory and 2) MRI research center.

At visit 1, demographic and health history questionnaires were completed and subjects were assessed for traditional anthropometrics measurements, including weight, height, body circumferences, and sagittal diameter. Body scans were performed via SBI to assess body size, shape, circumferences, composition, and central obesity. At visit 2, MRI scans were obtained for assessment of central adiposity measurements. To minimize errors, all measurements were completed at the laboratory within 3 hours and MRI assessment was made within 5 days.

Subjects {#S8}
--------

Hispanic and Non-Hispanic White men (n=67) and women (n=55) were recruited for the study via posted notices and word-of-mouth. Participants were aged 18 to 65 years old, with BMI ranging from 18.5 to 39.9 kg/m^2^. Subjects were excluded from the study for any serious illness that could interfere with their ability to participate. Additionally, individuals who had exposure to metallic fragments or implants were eliminated due to the risks involved with utilizing MRI. Women who were or could be pregnant, or were lactating also were excluded due to university regulations. The study was approved by the University of Texas at Austin Institutional Review Board and informed consent was obtained.

Anthropometrics {#S9}
---------------

Standard protocols for the anthropometric measurements established by the National Institutes of Health guidelines (NIH guidelines) were performed by trained nutrition experts. Subjects were measured for height in centimeters to the nearest 0.1 centimeter without shoes and socks by a stadiometer (Health o meter, South Shelton, CT), and weight in kilograms by an electronic scale (Tanita, Arlington, IL) to the nearest 0.01 kilogram. Body circumferences, including arm, waist, hip, and thigh circumferences, were assessed via a MyoTape body tape measure (AccuFitness, Greenwood Village, CO). Sagittal diameter was measured horizontally from the umbilicus to the back via an abdominal caliper (Lafayette Instrument, Lafayette, IN). BMI was calculated by weight (kg) divided by height (m^2^). Waist-to-hip ratio was computed by waist circumferences (cm) divided by hip circumferences (cm) and measurement for waist-toheight ratio was obtained by waist circumferences (cm) divided by height (cm).

Stereovision Body Imaging System {#S10}
--------------------------------

Participants wore light-colored undergarments to facilitate accurate measurement of body size and shape with a swimming cap to conceal hair, and a blindfold to protect the eyes from the lights of the projectors. Subjects were instructed to place both arms at their sides with elbows bent, making a fist with both hands, with arms placed about 10 cm away from the body. Legs were spread approximately shoulder-width apart. Each subject remained motionless and was asked to hold their breath for 1 second during the 200-millisecond body scan. A total of ten body scans were obtained in order to acquire the mean value.

The stereovision body imaging system was fabricated with four pairs of monochromatic CMOS cameras (Videre Design, Menlo Park, CA), with a resolution of 1280 × 960, and four ultrashort throw NEC 575VT LCD projectors (NEC Corporation, Tokyo, Japan) (Xu, 2009). Projectors were required to generate artificial texture on the scanned surface since human skin is not rich in texture. Four pairs of cameras simultaneously captured the body image when the body was illuminated by the projectors. The SBI is a novel device that calculates specific body measurements, including volumes, length, breadth, and central obesity parameters, via a rapid and non-invasive method. It can be assembled in a relatively small space and provides visual representation of body size and shape that can be rotated 360° in all directions. Advantages of this system over CT or MRI are: a) portability, which allows it to be used in field setting; b) cost, which is much lower than other equipment available; and c) lack of radiation.

SBI measurements included shoulder, chest, abdomen, hip, crotch, upper thigh, lower thigh, knee, and calf circumferences, as well as central obesity depth and central obesity width. Central obesity width was defined as the largest width on the coronal plane, at the level of the umbilicus. Central obesity depth is the length between the mid-point of the central obesity width and umbilicus. These two measurements lie perpendicularly on the same plane ([Figure 1](#F1){ref-type="fig"}). Measurements for ratios computed were SBI waist-to-hip (waist circumference divided by hip circumference), waist-to-thigh (waist circumference divided by thigh circumference), and waist-to-height (waist circumference divided by height).

Magnetic Resonance Imaging {#S11}
--------------------------

Participants were scanned for MRI via a 3.0 T General Electric scanner (GE Healthcare, Milwaukee, WI). When each subject was positioned on the center of the magnet, a 4-second 3-plane localizer scan was conducted, allowing visualization of anatomical landmarks. A slice of T1 axial images were obtained, centered at the navel, with TR 140, TE 2.1, flip angle 80, slice thickness 8.0 mm, gap 5.0 mm, FOV 40 × 40, matrix size 512 × 192, and bandwidth 62.5 kHz. MRI slices were analyzed by MRI software, SliceOmatic 4.3 (Tomovision, Montreal, CAN). Subcutaneous and visceral adiposity volumes were obtained from the umbilical slice, based on a volume of 3D pixels meeting the adipose shading threshold within the region of interest. The total abdominal volume was computed by summing the calculation for subcutaneous and visceral adiposity volumes.

Statistical Analysis {#S12}
--------------------

All statistical analysis and data management were performed using Predictive Analytics Software Statistics 18.0 (IBM SPSS, Chicago, IL). Subjective characteristics were computed as a measure of descriptive statistics and described in terms of a mean, standard error of the mean (SEM), and minimum and maximum values of demographic variables and body measurements. P-values (p) less than 0.05 were adopted for the significance level.

All of the traditional anthropometrics measurements were assessed twice and coefficients of variation of each value were obtained to examine the intra-observer reproducibility of the measurements. Coefficient of variation also was implemented to evaluate the reproducibility of SBI over 10 body scans. Total abdominal, subcutaneous and visceral adiposity volumes were quantified from MRI umbilicus scans by two trained observers to acquire a coefficient of variation to confirm the reliability of the central obesity values. Reproducibility of the traditional anthropometrics, SBI and MRI measurements were assessed from a subset of 50 participants. The value of coefficient of variation was calculated as the standard deviation of the observations divided by the mean of the observations and these values were multiplied by 100 to be expressed as a percentage.

Subjects were assigned randomly into two groups: primary (70%, n = 85) and validation (30%, n = 37). The primary group was used to create prediction equations for estimation of central adiposity initially. Then the prediction equations were fit into the data derived from the validation group to assess the validity of the equations.

Pearson's correlation coefficients (r) were used to examine relationships between MRI measurements of total abdominal, subcutaneous and visceral fat volumes with a) demographic parameters, b) anthropometric measurements assessed by traditional manual methods, and c) body measurements measured by SBI. A total of nine measurements (gender, waist circumference, waist-to-hip ratio, sagittal diameter, SBI waist circumference, SBI hip circumferences, SBI waist-to-hip ratio, central obesity depth, central obesity width) that exhibited high correlations with abdominal adiposity were selected to be included for the prediction of abdominal adiposity.

Parameters from three methods were applied to develop prediction equations for total abdominal, subcutaneous, and visceral adiposity. These included: 1) traditional anthropometric body measurements (waist circumference, waist-to-hip ratio, sagittal diameter) and demographics (gender) as independent variables; 2) SBI parameters (SBI waist circumference, SBI hip circumferences, SBI waist-to-hip ratio, central obesity depth, and central obesity width) and demographics (gender) as independent variables; and 3) a combination of traditional anthropometrics, SBI measurements, and demographic parameters as independent variables. Gender was dummy coded as women = 0 or men = 1, and ethnicity, as Caucasian = 0 or non-White Hispanic = 1.

Prediction models were developed by conducting stepwise multiple linear regression analysis. Three different methods for independent predictors were applied with dependent variables of abdominal adiposity. Equations that contained the strongest predictor variables were selected as the optimal means for predicting total abdominal, subcutaneous and visceral fat. Independent variables that exhibited a variance inflation factor of higher than 10 in the results were removed to eliminate the impact of collinearity among the variables in a regression model. The remaining independent variables were included in the resultant stepwise multiple linear regression analysis.

The final prediction models were applied to the validation group as a means of cross-validation. R^2^ described the percentages explained for the dependent variable for prediction equations; these are composed of a combination of independent variables to describe how well the model fits the data. The value of R^2^ (%), mean error (observed value -- predicted value) and 95% confident intervals were examined to assess the validity of the prediction equations in the validation group.

RESULTS {#S13}
=======

Descriptive Statistics {#S14}
----------------------

Characteristics of the participants in the primary and validation groups did not significantly differ ([Table 1](#T1){ref-type="table"}). In addition to descriptors presented in [Table 1](#T1){ref-type="table"}, the mean ± SEM for the primary and validation groups were 0.88 ± 0.01 and 0.87 ± 0.01 for waist-to-hip ratio, 0.85 ± 0.01 and 0.84 ± 0.02 for stereovision waist to hip ratio, 0.56 ± 0.01 and 0.56 ± 0.01 for waist-to-height ratio, 0.54 ± 0.01 and 0.55 ± 0.01 for stereovision waist-to-height ratio and 1.44 ± 0.02 and 1.39 ± 0.41 for stereovision waist and thigh ratio. Among the 122 participants, 54.9% (n = 67/122) were men and 45.1% (n = 55/122) women; 65.6% (n = 80/122), Caucasian and 34.4% (n = 42/122), non-White Hispanic. Also, 33.6% (n = 40/122) had healthy weights, 32.8% (n = 41/122) were overweight, or 33.6% (n = 40/122) exhibited class I and II obesity.

Reproducibility of Anthropometric, MRI, and SBI Measurements {#S15}
------------------------------------------------------------

All of the coefficients of variation values for traditional anthropometric measurements including weight, height, sagittal diameter, and circumferences of arm, waist, hip, and thigh were less than 1%, which ensured that the anthropometric variables were highly replicable.

The reliability of the repeated measurements evaluated by coefficients of variation for SBI also exhibited strong agreements for abdominal adiposity volumes over 10 repeated body scans. Values of coefficients of variation for circumferences of waist, hip, thigh, central obesity depth and width were 0.6, 0.4, 0.6, 2.4, and 0.9%, respectively.

Two trained observers displayed strong agreement in quantifying abdominal adiposity via MRI umbilicus scans. Values of coefficients of variation regarding MRI were 0.7, 0.8, and 0.9% for total abdominal, subcutaneous and visceral adiposity, respectively.

Correlations between Central Adiposities and Potential Variables {#S16}
----------------------------------------------------------------

Pearson correlation coefficients (r) between abdominal adiposity volumes and demographics, traditional anthropometrics, and stereovision body imaging measurements are shown in [Table 2](#T2){ref-type="table"}. The correlations between total abdominal adiposity and all independent variables were statistically significant, except for gender (p = 0.10), ethnicity (p = 0.10), and height (p = 0.73). Total abdominal adiposity was highly related to BMI, waist circumference, hip circumference, waist-to-height ratio, and sagittal diameter. Relationships between total abdominal adiposity and SBI waist circumference, central obesity depth, and SBI waist-to-height ratio are depicted in [Figure 2a](#F2){ref-type="fig"}.

All variables measured were significantly related to subcutaneous adiposity except ethnicity (p = 0.08), height (p = 0.55), and stereovision waist-to-thigh ratio (p = 0.34), with age approaching significance (p = 0.06) ([Table 2](#T2){ref-type="table"}). Linear relationships between subcutaneous adiposity and SBI waist circumference, central obesity depth, and waist-to-height ratio are illustrated in [Figure 2b](#F2){ref-type="fig"}. Subcutaneous adiposity and BMI, waist-to-height ratio, and SBI hip circumference also were significantly related.

For visceral adiposity, all of the correlation coefficients with variables measured were also significant, with the exception of gender (p = 0.08), ethnicity (p = 0.55), height (p = 0.59), and SBI thigh circumference (p = 0.33) ([Table 2](#T2){ref-type="table"}). The highest correlations of visceral adiposity were found with central obesity depth (r = 0.71), SBI waist circumference (r = 0.67), and SBI waist-to-height ratio (r = 0.65). Of these, central obesity depth provided the best correlation to visceral adiposity. Scatter plots of abdominal adiposity volumes according to these measurements are shown in [Figure 2c](#F2){ref-type="fig"}.

Mathematical Model for Predicting Total Abdominal Adiposity {#S17}
-----------------------------------------------------------

The best prediction equation for total abdominal adiposity was obtained by traditional anthropometric methods: total abdominal adiposity volume (cm^2^) = − 470.28 + 7.10 waist circumference (cm) − 91.01 gender (women=0, men=1) + 5.74 sagittal diameter (cm) ([Table 3](#T3){ref-type="table"}). Equations obtained by traditional anthropometric methods resulted in the same ultimate model as the combination method due to the fact that the SBI parameters were not ideal predictors for predicting *total* abdominal adiposity. Thus, the final model for total abdominal adiposity did not include SBI body measurements. The optimal equation for total abdominal adiposity exhibited the highest R^2^ (89.9%) and lowest standard error of the estimate (SEE) (49.18) among ten mathematical models ([Table 3](#T3){ref-type="table"}) developed by three different methods; traditional anthropometrics, stereovision body imagining, and a combination. The R^2^ for this model was not significantly different from the R^2^ for the equation created by the stereovision imaging method (R^2^ = 84.2%).

Mathematical Model for Predicting Subcutaneous Adiposity {#S18}
--------------------------------------------------------

The final equation for subcutaneous adiposity was selected from models developed by the combination method: subcutaneous adiposity volume (cm^2^) = − 172.37 + 8.57 waist circumference (cm) − 62.65 gender (women=0, men=1) − 450.16 stereovision waist-to-hip ratio ([Table 4](#T4){ref-type="table"}). From a total of 14 models ([Table 4](#T4){ref-type="table"}), this model contained the highest R^2^ of 90.4%, with the lowest SEE of 40.85. The model developed by the stereovision imaging method had a lower R^2^ of 79.3%, with the highest SEE of 59.65: subcutaneous adiposity volume (cm^2^) = − 827.48 + 7.43 stereovision hip circumference (cm) + 7.02 central obesity width (cm). Thus, the optimal model for subcutaneous adiposity was a combination of demographic (gender), anthropometric (waist circumference), and SBI (SBI waist-to-height ratio) measurements.

Mathematical Model for Predicting Visceral Adiposity {#S19}
----------------------------------------------------

The final multiple regression model for the prediction of visceral adiposity was best described by the utilization of stereovision and combination methods, which resulted in an identical model: visceral adiposity volume (cm^2^) = − 96.76 + 11.48 central obesity depth (cm) − 5.09 central obesity width (cm) + 204.74 stereovision waist-to-hip ratio − 18.59 gender (women=0, men=1) ([Table 5](#T5){ref-type="table"}). The most important influences for prediction of visceral adiposity were central obesity depth, central obesity width, stereovision waist-to-hip ratio, and gender. The addition of traditional anthropometric measurements did not improve the variance, thus the model was identical. Note that with the exception of gender, all variables included in the model were derived from the SBI system. Among 11 possible models ([Table 5](#T5){ref-type="table"}), the R^2^ for the final model (R^2^ = 71.7%) was significantly higher than the model derived from traditional anthropometric measurements (R^2^ = 54.2%) and the SEE was only 22.97: visceral adiposity volume (cm^2^) = − 214.28 + 306.03 waist-to-hip ratio + 5.78 sagittal diameter − 1.34 waist circumference (cm) (SEE = 29.04).

The prediction equations were then applied to the validation group data and 95% confidence intervals were computed in order to check the cross-validity of the developed mathematical equations ([Tables 3](#T3){ref-type="table"}, [4](#T4){ref-type="table"}, [5](#T5){ref-type="table"}). All of the 95% confidence intervals included zero, which implies that the predicted abdominal adiposity (total, visceral, and subcutaneous abdominal adiposity) did not differ from the measured values of the abdominal adiposity at the level of 0.05. In addition, the mean error (ME) in [Tables 3](#T3){ref-type="table"}, [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"} exhibit the differences between the observed values of abdominal adiposity measured by MRI and predicted values obtained by the mathematical equations.

The final prediction equation models for total abdominal, subcutaneous, and visceral adiposity are summarized in [Table 6](#T6){ref-type="table"}. All of the predictive models provided large effect sizes (larger than 0.35) due to the high R^2^ values. Consequently, the observed power of abdominal adiposity equations among the given sample size ranged from 0.94 to 1. The optimal equation for predicting total abdominal adiposity was derived via traditional anthropometrics; whereas, subcutaneous and visceral adiposity were obtained by combination and stereovision imaging measurement methods, respectively.

DISCUSSION {#S20}
==========

The current research is the first to develop mathematical equations for predicting abdominal adiposity by utilizing combined parameters derived from demographics, traditional anthropometric measurements, and measurements obtained by SBI. The results suggest that the body measurements derived from SBI improve the prediction of visceral adiposity volume. The R^2^ in this study for prediction of visceral adiposity (71.7%) is lower than that found for both total abdomen (89.9%) and subcutaneous (90.4%) adiposity. Clearly, visceral adiposity is more difficult to measure without advanced instruments such as MRI or CT that are stationary and expensive. In this study, predictive equations for total abdominal, subcutaneous, and visceral adiposity were created using measurements obtained from traditional anthropometrics, SBI parameters, and combinations. The most optimal result for the prediction of total abdominal adiposity was produced by traditional manual anthropometrics; for subcutaneous adiposity, a combination method was better. But for visceral adiposity, the method of stereovision body imaging yielded the best results. These results were presumably due to the incorporation of new parameters of central obesity measured via the SBI system. Central obesity depth showed the highest correlation with visceral adiposity, as compared to other body measurements (demographics, traditional anthropometrics, and SBI variables). Moreover, measurements by SBI alone were not improved by adding traditional manual parameters since the SBI measurements were more strongly associated with visceral adiposity. In addition, central obesity depth, central obesity width, SBI waist-to-hip ratio and gender appeared to contribute significantly to predict visceral adiposity.

Studies have shown that visceral adiposity is related to diseases such as metabolic syndrome ([@R9],[@R22]), insulin resistance ([@R23]), and cardiovascular disease ([@R24]). While subcutaneous adiposity is a better indicator of metabolic syndrome in a specific population ([@R25]), visceral adiposity may have greater implications in terms of clinical health than subcutaneous adiposity ([@R9],[@R23],[@R26]).

A study by Goel (2008) developed prediction equations for total abdominal, subcutaneous, and visceral adiposity that included traditional anthropometric measurements as independent variables and abdominal adiposities, as measured by MRI, as a dependent variable ([@R18]). These prediction models explained 65%, 67.1% and 52.1% of the variances for total abdominal, subcutaneous, visceral adiposity volume, respectively. These values were somewhat lower than those obtained in the present research (89.9%, 90.4%, and 71.7%) for total abdominal, subcutaneous, and visceral adiposity volume.

Brundavani et al. (2006) also utilized MRI for the assessment of central obesity and developed prediction equations for visceral adiposity for men and women ([@R27]). The final prediction equations for men included weight, waist circumference and BMI as independent variables, and weight and waist circumference for women. The R^2^ for visceral adiposity was higher for men (74%) than for women (63%) in the prediction equation. These values are similar to the results of the present study, in that the R^2^ for men and women combined was 71.7%, and gender was included as a fourth independent variable in the prediction equation for visceral adiposity. Moreover, gender was included in the prediction equations by Goel et al. (2008) ([@R18]). Collectively, these results imply that gender is a significant factor in order to predict visceral adiposity, as differences exist in fat distribution and accumulation between men and women. Previous studies reported that women have more subcutaneous adiposity compared to men ([@R28]); whereas, men have more visceral adiposity as opposed to women ([@R29]).

Similarly, Janssen et al. (2002) developed prediction equations via multiple regression analysis ([@R30]). BMI and waist circumference were included as independent variables and MRI measured subcutaneous and visceral adiposity as dependent variables. Their model described 57% of visceral adiposity for men and 76% for women when BMI was added to the model as a first variable, and waist circumferences as a second variable. Waist circumference explained 49% of subcutaneous adiposity and 55% of visceral adiposity for men, and 52% of subcutaneous adiposity and 76% of visceral adiposity for women. The BMI explained 72% of subcutaneous adiposity and 46% of visceral adiposity for men and 53% of subcutaneous adiposity and 60% of visceral adiposity for women. These results suggest that BMI had a greater influence than waist circumference in describing the variance for subcutaneous adiposity; whereas, waist circumference was superior to BMI in the prediction of visceral adiposity volume.

Waist circumference was observed to be the most optimal variable for predicting subcutaneous adiposity in the equation model. In contrast to the study conducted by Janssen et al. (2002), BMI was not included as a predictor variable in either the subcutaneous or visceral adiposity models ([@R30]). In addition, body measurements such as central obesity depth and central obesity width, rather than waist circumference, were more precise components for predicting visceral adiposity. These results imply that variables derived from stereovision imaging were stronger predictors than waist circumference or BMI for predicting visceral adiposity.

The above studies utilized MRI for assessment of central obesity; other studies examined the use of CT to quantify abdominal adiposity ([@R17],[@R31]). Stanforth et al. (2004) compared prediction equations for visceral adiposity by using two different methods for men and women ([@R17]). A CT technique incorporated subcutaneous adiposity, sagittal diameter, age, and ethnicity as independent variables. The traditional anthropometric method utilized BMI, waist-to-hip ratio, waist circumference, age and ethnicity as independent variables. The R^2^ for the CT method was 84% for men and 75% for women, with a R^2^ of 78% for men and 73% for women for anthropometrics. These R^2^ values are higher than the prediction value of the current study (71.7%), which includes both men and women. Since Wajchenberg et al. (2002) denoted that MRI showed lower reproducibility for measuring total and visceral adiposity, as opposed to CT ([@R32]), this suggests that CT may be slightly more precise. But the usage of CT is limited by radiation exposure and lack of portability.

Other prediction equations for visceral adiposity measured by CT were created in a Japanese adult population (n=112) ([@R31]). The model that incorporated gender, age, waist-to-hip ratio, and internal fat mass (determined by DXA) as independent variables reported a R^2^ of 74.5%. In addition, a prediction equation for visceral adiposity with the components of gender, age, waist-to-hip ratio, and internal fat mass (measured by BIA) resulted in a similar R^2^ of 77.3%. These two models utilizing DXA and BIA measures as independent variables produced slightly higher variances than from the measurements by the stereovision imaging system (71.7%).

CT and MRI derived measurements of subcutaneous and visceral adiposity were compared in previous studies ([@R33],[@R34]). Total and subcutaneous adiposity were overestimated when using CT compared to MRI, but not for visceral adiposity ([@R33]). Whereas, Seidell et al. have shown that subcutaneous adipose volume measured by CT and MRI did not differ statistically, but volume did significantly differ for visceral adiposity ([@R34]). Collectively, these studies suggest that the prediction equation for abdominal adiposity developed by CT-measured and MRImeasured may exhibit a disparity due to the error variances in the measurements of abdominal adiposity volumes.

A variety of 3-D body scanners have been validated for accuracy in measurement of waist and hip circumferences against manual tape measurements. Pepper et al. (2010) reported that correlations between waist and hip circumferences measured by 3-D laser body scanner and by tape were 0.998 and 0.989, respectively ([@R35]). Previously, Wells et al. (2007) found similar results via a 3-D photonic scanner (Textile and Clothing Technology Corporation, \[TC\]^2^), with correlation efficients of 0.96 for waist circumference and 0.97 for hip circumference ([@R20]). Similarly, Zwane et al. (2010) observed hip circumference obtained from a 3-D photonic scanner (\[TC\]^2^) and tape measurement were not statistically in the range of European size of 34 to 44 ([@R21]). In spite of the accuracy of the body measurements derived from body scanners, these body measurements have not been utilized to predict the quantity of abdominal adiposity.

Postmenopausal women have a higher amount of visceral adiposity, as opposed to premenopausal women, which indicates that menopausal status or age could be a potential variable for predicting abdominal adiposity ([@R36]). However, age was excluded initially in the data analysis when other independent variables exhibited higher correlations with central obesity. The ineffectual correlation between age and abdominal adiposity compared to other variables could be explained by a lack of the power to detect the significance since the age distribution among participants was evenly distributed and only 5.7% of the participants consisted of women over 50 years old. In addition, information on menopausal status was not available for this data set. Future research incorporating a higher percentage of elderly women could determine if the age of a woman or menopausal status has an impact on prediction of abdominal adiposity.

Thigh circumference has been suggested to be a significant variable for prediction of central obesity because this measure is inversely related to blood glucose, a parameter of risk for type 2 diabetes ([@R37]). Wells et al. (2008) demonstrated that waist adjusted for thigh girth ratio measured by photonic scanner linearly increased across BMI categories ([@R38]). However, in the prediction equation in the present study, both SBI thigh circumference and waist-to-thigh ratio were excluded due to non-significance.

Waist-to-height ratio (WHtR) also provides a mean for detecting abdominal obesity and related health risks. Ashwell et al. (2011) reported that WHtR was a better predictor than waist circumference or BMI, in terms of monitoring cardiometabolic risk ([@R39]). Parikh et al. (2007) confirmed that WHtR serves as an index of central obesity and it was more effective in defining metabolic syndrome than waist circumference ([@R40]).

In this study, traditional and stereovision waist-to-height ratio exhibited high correlations with total abdominal, subcutaneous, and visceral adiposity. However, the former were excluded in the prediction model because other independent variables had stronger correlations with abdominal adiposity volumes. In addition, multicollinearity existed between independent variables that influenced the waist-to-height ratio, resulting in an exclusion from the prediction model. For example, in the creation of the visceral adiposity prediction model, waist-to-height ratio had a high correlation with central obesity depth (r=0.89, p\<0.001). Yet, a substantial amount of visceral adiposity is explained by central obesity depth; thus, the waist-to-height ratio, which explains a similar portion of visceral adiposity, was excluded in the model. Then other variables were examined by the process of stepwise multiple regression analysis in order to ascertain whether they should be included in the model. For the total abdominal and subcutaneous models, waist-to-height ratio was excluded again, despite having the highest correlation with the adiposity volumes, because of the removal test in the stepwise multiple regression analysis. In this test, the least useful independent variable is removed from the equation when each variable is included in the equation.

The current research observed that body ratios (including waist-to-height ratio and waist-to-thigh ratio) were not significant in the prediction of visceral adiposity, except for waist-to-hip ratio. The waist-to-hip ratio obtained via SBI was the third strongest predictor in the equation for subcutaneous and visceral adiposity. However, central obesity depth and central obesity width as measured by SBI were superior predictors for visceral adiposity, as compared to SBI waist-to-hip ratio.

In summary, the prediction equations for abdominal adiposity volumes were compared using traditional anthropometrics, SBI or a combination of both. For total and subcutaneous adiposity, traditional methods were just as effective as for SBI. However, for visceral adiposity, the most critical measure for assessing health risk, SBI provided a more optimal prediction model. Since the SBI system is inexpensive and non-invasive, it has potential for assessment of visceral adiposity in a field setting where CT or DXA are not available.
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Abdominal adiposity volume determined by magnetic resonance imaging (MRI) according to body measurements determined by stereovision body imaging (SBI)

a\. Total, b. subcutaneous, and c. visceral abdominal adiposity volume determined by MRI according to SBI waist circumference, central obesity depth, and waist-to-height ratio
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###### 

Characteristics of subjects

  Measurement Method                Group                                                                   
  --------------------------------- ---------------- ------------------ ---------------- ------------------ ------
  Traditional Anthropometric                                                                                
   Height (cm)                      170.38 ± 0.96    148.59 -- 189.23   170.04 ± 1.69    147.32 -- 189.48   0.85
   Weight (kg)                      80.86 ± 1.96     49.80 -- 129.64    83.71 ± 2.89     47.36 -- 128.05    0.42
   BMI (kg/m^2^)                    27.81 ± 0.6      18.85 -- 40.33     28.90 ± 0.85     18.20 -- 40.07     0.31
   Waist circumference (cm)         91.92 ± 1.52     67.11 -- 127.47    92.96 ± 2.27     65.40 -- 115.00    0.71
   Hip circumference (cm)           106.78 ± 1.28    80.50 -- 132.08    108.62 ± 1.78    86.00 -- 134.00    0.42
   Sagittal diameter (cm)           23.64 ± 0.56     15.80 -- 37.00     23.62 ± 0.73     15.40 -- 33.00     0.99
  Stereovision Body Imaging                                                                                 
   Stereovision waist (cm)          99.41 ± 1.78     75.00 -- 133.08    101.05 ± 2.37    76.43 -- 124.48    0.60
   Stereovision hip (cm)            107.79 ± 1.20    91.71 -- 136.93    110.97 ± 1.83    86.89 -- 134.33    0.15
   Stereovision thigh (cm)          64.60 ± 1.06     47.41 -- 109.10    67.87 ± 1.97     55.18 -- 122.95    0.11
   Central obesity depth (cm)       15.39 ± 0.41     8.91 -- 22.79      16.05 ± 3.77     8.83 -- 22.08      0.38
   Central obesity width (cm)       34.91 ± 0.58     21.25 -- 46.41     35.97 ± 0.81     25.52 -- 47.94     0.31
  Magnetic Resonance Imaging                                                                                
   Abdominal adiposity (cm^2^)      284.35 ± 16.49   64.23 -- 652.63    267.56 ± 22.73   20.64 -- 510.43    0.57
   Subcutaneous adiposity (cm^2^)   218.72 ± 14.05   13.70 -- 514.84    201.98 ± 18.23   18.09 -- 412.03    0.50
   Visceral adiposity (cm^2^)       65.63 ± 42.14    7.28 -- 187.17     65.58 ± 7.00     2.55 -- 188.91     0.99

Standard error of mean

Significant level by independent samples t-test

###### 

Pearson correlation coefficients between total, subcutaneous, and visceral abdominal adiposity volumes, versus demographics, traditional anthropometrics and stereovision body imaging parameters

  Parameters                            Abdominal Adiposity Volume [a](#TFN3){ref-type="table-fn"}                                              
  ------------------------------------- ------------------------------------------------------------ ------------------------------------------ ----------------------------------------
  Demographic                                                                                                                                   
   Age                                  0.29[\*\*](#TFN4){ref-type="table-fn"}                       0.17                                       0.50[\*\*](#TFN4){ref-type="table-fn"}
   Gender                               − 0.15                                                       − 0.23[\*\*](#TFN4){ref-type="table-fn"}   0.16
   Ethnicity                            0.15                                                         0.16                                       0.05
  Traditional Anthropometric                                                                                                                    
   Height (cm)                          − 0.03                                                       − 0.05                                     0.05
   Weight (kg)                          0.75[\*\*](#TFN4){ref-type="table-fn"}                       0.73[\*\*](#TFN4){ref-type="table-fn"}     0.47[\*\*](#TFN4){ref-type="table-fn"}
   Body mass index (kg/m^2^)            0.85[\*\*](#TFN4){ref-type="table-fn"}                       0.84[\*\*](#TFN4){ref-type="table-fn"}     0.51[\*](#TFN5){ref-type="table-fn"}
   Waist circumference (cm)             0.85[\*\*](#TFN4){ref-type="table-fn"}                       0.81[\*\*](#TFN4){ref-type="table-fn"}     0.60[\*\*](#TFN4){ref-type="table-fn"}
   Hip circumference (cm)               0.83[\*\*](#TFN4){ref-type="table-fn"}                       0.83[\*\*](#TFN4){ref-type="table-fn"}     0.45[\*\*](#TFN4){ref-type="table-fn"}
   Waist-to-hip ratio                   0.59[\*\*](#TFN4){ref-type="table-fn"}                       0.50[\*\*](#TFN4){ref-type="table-fn"}     0.60[\*\*](#TFN4){ref-type="table-fn"}
   Waist-to-height ratio                0.88[\*\*](#TFN4){ref-type="table-fn"}                       0.84[\*\*](#TFN4){ref-type="table-fn"}     0.60[\*\*](#TFN4){ref-type="table-fn"}
   Sagittal diameter (cm)               0.84[\*\*](#TFN4){ref-type="table-fn"}                       0.78[\*\*](#TFN4){ref-type="table-fn"}     0.63[\*\*](#TFN4){ref-type="table-fn"}
  Stereovision Body Imaging                                                                                                                     
   Stereovision waist (cm)              0.79[\*\*](#TFN4){ref-type="table-fn"}                       0.72[\*\*](#TFN4){ref-type="table-fn"}     0.67[\*\*](#TFN4){ref-type="table-fn"}
   Stereovision hip (cm)                0.81[\*\*](#TFN4){ref-type="table-fn"}                       0.84[\*\*](#TFN4){ref-type="table-fn"}     0.36[\*\*](#TFN4){ref-type="table-fn"}
   Stereovision thigh (cm)              0.54[\*\*](#TFN4){ref-type="table-fn"}                       0.61[\*\*](#TFN4){ref-type="table-fn"}     0.09
   Stereovision waist-to-hip ratio      0.36[\*\*](#TFN4){ref-type="table-fn"}                       0.22[\*](#TFN5){ref-type="table-fn"}       0.62[\*\*](#TFN4){ref-type="table-fn"}
   Stereovision waist-to-thigh ratio    0.23[\*](#TFN5){ref-type="table-fn"}                         0.09                                       0.55[\*\*](#TFN4){ref-type="table-fn"}
   Stereovision waist-to-height ratio   0.81[\*\*](#TFN4){ref-type="table-fn"}                       0.74[\*\*](#TFN4){ref-type="table-fn"}     0.65[\*\*](#TFN4){ref-type="table-fn"}
   Central obesity depth (cm)           0.83[\*\*](#TFN4){ref-type="table-fn"}                       0.75[\*\*](#TFN4){ref-type="table-fn"}     0.71[\*\*](#TFN4){ref-type="table-fn"}
   Central obesity width (cm)           0.82[\*\*](#TFN4){ref-type="table-fn"}                       0.81[\*\*](#TFN4){ref-type="table-fn"}     0.47[\*\*](#TFN4){ref-type="table-fn"}

Determined by magnetic resonance imaging

Correlation is significant at 0.01 level (2-tailed)

Correlation is significant at 0.05 level (2-tailed)

###### 

Regression coefficients for prediction of total abdominal adiposity by using traditional anthropometric, stereovision body imaging, and combination measurement methods

  Measurement Method                                                            Eq [a](#TFN6){ref-type="table-fn"}   Independent Variables   R^2^ (%)   ME (CI) [b](#TFN7){ref-type="table-fn"}                                                             
  ----------------------------------------------------------------------------- ------------------------------------ ----------------------- ---------- ----------------------------------------- ------- ------- ------ ------ --------------------------- --------------------------
  Traditional [c](#TFN8){ref-type="table-fn"},[d](#TFN9){ref-type="table-fn"}   1                                    − 509.05                − 8.38                                               --      --      --     --     80.1                        − 21.09 (−79.56, 37.37)
  2                                                                             − 492.20                             8.78                    − 94.04    --                                        --      --      --     89.2   − 33.40 (− 91.64, 24.84)    
  3 [e](#TFN10){ref-type="table-fn"}                                            − 470.28                             7.10                    − 91.01    5.74                                      --      --      --     89.9   − 32.04 (− 90.70, 26.61)    
  Stereovision Body Imaging [f](#TFN11){ref-type="table-fn"}                    4                                    − 237.02                --         --                                        --      33.88   --     --     72.2                        − 39.32 (− 99.96, 21.31)
  5                                                                             − 708.42                             --                      --         --                                        19.99   6.36    --     81.8   − 50.28 (− 112.88, 12.32)   
  6                                                                             − 612.78                             --                      − 36.73    --                                        22.63   5.29    --     82.9   − 53.33 (− 116.07, 9.41)    
  7 [e](#TFN10){ref-type="table-fn"}                                            − 645.08                             --                      − 61.37    --                                        12.97   3.79    3.89   84.2   − 49.36 (− 111.03, 12.30)   
  Combination [g](#TFN12){ref-type="table-fn"}                                  8                                    − 509.05                − 8.38                                               --      --      --     --     80.1                        − 21.09 (− 79.56, 37.37)
  9                                                                             − 492.20                             8.78                    − 94.04    --                                        --      --      --     89.2   − 33.40 (− 91.64, 24.84)    
  10 [e](#TFN10){ref-type="table-fn"}                                           − 470.28                             7.10                    − 91.01    5.74                                      --      --      --     89.9   − 32.04 (− 90.70, 26.61)    

Eq, equation; Waist, waist circumference; SD, sagittal diameter; COD, central obesity depth; sHip, stereovision body imaging hip circumference; sWaist, stereovision body imaging waist circumference;

Mean error = observed -- predicted (confidence interval)

Manual

Independent variables include gender, waist circumference, waist-to-hip ratio, sagittal diameter

Recommended model by stepwise multiple regression analysis

Independent variables include gender, stereovision body imaging waist circumference, stereovision body imaging hip circumferences, stereovision body imaging waist-to-hip ratio, central obesity depth, central obesity width

Independent variables include gender, waist circumference, waist-to-hip ratio, sagittal diameter, stereovision body imaging waist circumference, stereovision body imaging hip circumferences, stereovision body imaging waist-to-hip ratio, central obesity depth, central obesity width

###### 

Regression coefficients for prediction of subcutaneous adiposity by using traditional anthropometric, stereovision body imaging, and combination measurement methods

  Measurement Method                                                              Eq [a](#TFN13){ref-type="table-fn"}   Independent Variables   R^2^ (%)   ME (CI) [b](#TFN14){ref-type="table-fn"}                                                                 
  ------------------------------------------------------------------------------- ------------------------------------- ----------------------- ---------- ------------------------------------------ -------- ------- ---------- ------ -------------------------- --------------------------
  Traditional [c](#TFN15){ref-type="table-fn"},[d](#TFN16){ref-type="table-fn"}   1                                     − 425.91                6.81       --                                         --       --      --         --     72.8                       − 20.22 (− 67.38, 26.93)
  2                                                                               − 408.19                              7.23                    − 98.81    --                                         --       --      --         86.8   − 33.20 (− 80.70, 14.30)   
  3 [e](#TFN17){ref-type="table-fn"}                                              − 204.92                              8.82                    − 86.07    − 409.19                                   --       --      --         88.6   − 35.86 (− 83.92, 12.21)   
  Stereovision Body Imaging [f](#TFN18){ref-type="table-fn"}                      4                                     − 877.72                --         --                                         --       10.17   --         --     76.5                       − 49.07 (− 100.10, 1.97)
  5 [e](#TFN17){ref-type="table-fn"}                                              − 827.48                              --                      --         --                                         7.43     7.02    --         79.3   − 47.76 (− 99.18, 3.66)    
  Combination [g](#TFN19){ref-type="table-fn"}                                    6                                     − 877.72                --         --                                         --       10.17   --         --     76.5                       − 49.07 (− 100.10, 1.97)
  7                                                                               − 769.53                              3.37                    --         --                                         6.21     --      --         82.7   − 38.15 (− 87.87, 11.58)   
  8                                                                               − 566.98                              5.59                    − 76.30    --                                         2.80     --      --         88.1   − 38.36 (− 86.96, 10.24)   
  9                                                                               − 96.94                               9.21                    − 64.91    --                                         − 0.83   --      − 504.72   90.5   − 33.88 (− 81.38, 13.61)   
  10[e](#TFN17){ref-type="table-fn"}                                              − 172.37                              8.57                    − 62.65    --                                         --       --      − 450.16   90.4   − 35.17 (− 83.00, 12.66)   

Eq, equation; Waist, waist circumference; WHR, waist-to-hip ratio; sHip, stereovision body imaging hip circumference; COW, central obesity width; sWHR, stereovision body imaging waist-to-hip ratio

Mean error = observed -- predicted (confidence interval)

Manual

Independent variables include gender, waist circumference, waist-to-hip ratio, sagittal diameter

Recommended model by stepwise multiple regression analysis

Independent variables include gender, stereovision body imaging waist circumference, stereovision body imaging hip circumferences, stereovision body imaging waist-to-hip ratio, central obesity depth, central obesity width

Independent variables include gender, waist circumference, waist-to-hip ratio, sagittal diameter, stereovision body imaging waist circumference, stereovision body imaging hip circumferences, stereovision body imaging waist-to-hip ratio, central obesity depth, central obesity width

###### 

Regression coefficients for prediction of visceral adiposity by using traditional anthropometric, stereovision body imaging, and combination measurement methods

  Measurement Method                                                              Eq[a](#TFN20){ref-type="table-fn"}   Independent Variables   R^2^ (%)   ME (CI) [b](#TFN21){ref-type="table-fn"}                                                                        
  ------------------------------------------------------------------------------- ------------------------------------ ----------------------- ---------- ------------------------------------------ ------- -------- -------- --------- ------ ------------------------- -------------------------
  Traditional [c](#TFN22){ref-type="table-fn"},[d](#TFN23){ref-type="table-fn"}   1                                    − 245.98                352.89     --                                         --      --       --       --        --     44.4                      2.93 (− 13.04, 18.89)
  2                                                                               − 192.17                             211.14                  3.02       --                                         --      --       --       --        51.1   1.77 (− 14.35, 17.90)     
  3 [e](#TFN24){ref-type="table-fn"}                                              − 214.28                             306.03                  5.78       − 1.34                                     --      --       --       --        54.2   3.29 (− 12.98, 19.56)     
  Stereovision Body Imaging [f](#TFN25){ref-type="table-fn"}                      4                                    − 57.33                 --         --                                                 7.99     --       --        --     52.3                      − 5.36 (− 22.14, 11.43)
  5                                                                               41.65                                --                      --                                                    15.62   − 6.20   --       --        66     − 3.91 (− 21.63, 13.80)   
  6                                                                               − 55.72                              --                      --                                                    12.23   − 4.84   119.89   --        68.9   − 1.84 (−19.89, 16.22)    
  7 [e](#TFN24){ref-type="table-fn"}                                              − 96.76                              --                      --                                                    11.48   − 5.09   204.74   − 18.59   71.7   − 2.00 (− 20.36, 16.37)   
  Combination [g](#TFN26){ref-type="table-fn"}                                    8                                    − 57.33                 --         --                                                 7.99     --       --               52.3                      − 5.36 (− 22.14, 11.43)
  9                                                                               41.65                                --                      --                                                    15.62   − 6.20   --                 66     − 3.91 (− 21.63, 13.80)   
                                                                                  10                                   − 55.72                 --         --                                                 12.23    − 4.84   119.89           68.9                      − 1.84 (−19.89, 16.22)
                                                                                  11[e](#TFN24){ref-type="table-fn"}   − 96.76                 --         --                                                 11.48    − 5.09   204.74           71.7                      − 2.00 (− 20.36, 16.37)

Eq, equation; WHR, waist-to-hip ratio; SD, sagittal diameter; Waist, waist circumference; COD, central obesity depth; COW, central obesity width; sWHR, stereovision body imaging waist-to-hip ratio

Mean error = observed -- predicted (confidence interval)

Manual

Independent variables include gender, waist circumference, waist-to-hip ratio, sagittal diameter

Recommended model by stepwise multiple regression analysis

Independent variables include gender, stereovision body imaging waist circumference, stereovision body imaging hip circumferences, stereovision body imaging waist-to-hip ratio, central obesity depth, central obesity width

Independent variables include gender, waist circumference, waist-to-hip ratio, sagittal diameter, stereovision body imaging waist circumference, stereovision body imaging hip circumferences, stereovision body imaging waist-to-hip ratio, central obesity depth, central obesity width

###### 

Final prediction equations for total abdominal, subcutaneous and visceral adiposity volumes using demographic, traditional anthropometric, stereovision body imaging, and magnetic resonance imaging measurements

  Adiposity Volume [a](#TFN27){ref-type="table-fn"}                                Measurement Method                                                                                                                                                 Predictive Models                                                                                                     R^2^ (%)
  -------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------- ----------
  Total abdominal                                                                  Traditional [b](#TFN28){ref-type="table-fn"},[c](#TFN29){ref-type="table-fn"},[d](#TFN30){ref-type="table-fn"}                                                     − 470.28 + 7.10 Waist [e](#TFN31){ref-type="table-fn"} − 91.01 Gender + 5.74 SD [e](#TFN31){ref-type="table-fn"}      89.9
  Stereovision [f](#TFN32){ref-type="table-fn"}                                    − 645.08 + 12.97 COD [e](#TFN31){ref-type="table-fn"} + 3.79 sHip [e](#TFN31){ref-type="table-fn"} − 61.37 Gender + 3.89 sWaist [e](#TFN31){ref-type="table-fn"}   84.2                                                                                                                  
  Combination [g](#TFN33){ref-type="table-fn"}                                     − 470.28 + 7.10 Waist [e](#TFN31){ref-type="table-fn"} − 91.01 Gender + 5.74 SD [e](#TFN31){ref-type="table-fn"}                                                   89.9                                                                                                                  
  Subcutaneous                                                                     Traditional [b](#TFN28){ref-type="table-fn"},[c](#TFN29){ref-type="table-fn"}                                                                                      − 204.92 + 8.82 Waist [e](#TFN31){ref-type="table-fn"} − 86.07 Gender − 409.19 WHR [e](#TFN31){ref-type="table-fn"}   88.6
  Stereovision [f](#TFN32){ref-type="table-fn"}                                    − 827.48 + 7.43 sHip [e](#TFN31){ref-type="table-fn"} + 7.02 COW [e](#TFN31){ref-type="table-fn"}                                                                  79.3                                                                                                                  
  Combination [d](#TFN30){ref-type="table-fn"},[g](#TFN33){ref-type="table-fn"}    − 172.37 + 8.57 Waist [e](#TFN31){ref-type="table-fn"} − 62.65 Gender − 450.16 sWHR [e](#TFN31){ref-type="table-fn"}                                               90.4                                                                                                                  
  Visceral                                                                         Traditional [b](#TFN28){ref-type="table-fn"},[c](#TFN29){ref-type="table-fn"}                                                                                      − 214.28 + 306.03 WHR [e](#TFN31){ref-type="table-fn"} + 5.78 SD [e](#TFN31){ref-type="table-fn"} − 1.34 Waist        54.2
  Stereovision [d](#TFN30){ref-type="table-fn"},[f](#TFN32){ref-type="table-fn"}   − 96.76 + 11.48 COD [e](#TFN31){ref-type="table-fn"} − 5.09 COW [e](#TFN31){ref-type="table-fn"} + 204.74 sWHR [e](#TFN31){ref-type="table-fn"} − 18.59 Gender     71.7                                                                                                                  
  Combination [g](#TFN33){ref-type="table-fn"}                                     − 96.76 + 11.48 COD [e](#TFN31){ref-type="table-fn"} − 5.09 COW [e](#TFN31){ref-type="table-fn"} + 204.74 sWHR [e](#TFN31){ref-type="table-fn"} − 18.59 Gender     71.7                                                                                                                  

Dependent variable measured by magnetic resonance imaging

Manual

Independent variables include gender, waist circumference, waist-to-hip ratio, sagittal diameter

Optimal model for predicting central obesity by stepwise multiple regression analysis

Waist, waist circumference; SD, sagittal diameter; COD, central obesity depth; sHip, stereovision body imaging hip circumference; sWaist, stereovision body imaging waist circumference; WHR, waist-to-hip ratio; COW, central obesity width; sWHR, stereovision body imaging waist-to-hip ratio

Independent variables include gender, stereovision body imaging waist circumference, stereovision body imaging hip circumferences, stereovision body imaging waist-to-hip ratio, central obesity depth, central obesity width

Independent variables include gender, waist circumference, waist-to-hip ratio, sagittal diameter, stereovision body imaging waist circumference, stereovision body imaging hip circumferences, stereovision body imaging waist-to-hip ratio, central obesity depth, central obesity width
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